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It is shown that the recent ly found superconduct ing 
state be low 6 K in S-(BEDT-TTF)2I  3 under a pressure of 1.5 kbar 
is d iamagnet ic  and exhibits Meissner  effects of up to 24 %, 
indicat ing that superconduct iv i ty  is a true volume effect in 
these crystals. In contrast, no traces of d iamagnet ism are 
found in iodine doped ~-(BEDT-TTF)213, for which resist ively 
observed superconduct ing transit ions in the vic in i ty of 3 to 
5 K have also been reported. 
The discovery of superconduct iv i ty  
(SC) in the charge transfer  salt 
(BEDT-TTF)2I 3 /I-3/ promised to be espe- 
cial ly interest ing since this compound 
can crystal l ize in several  d i f£erent  
structures /4/. Exper ience has since 
shown that the occurrence of SC not only 
depends on structure /4/, but also sen- 
s i t ively on pressure /5/ as wel l  as on 
the iodine sto ich iometry /6,11/. Whi le 
the s-phase exhibits a metal - insulator  
t ransi t ion at 137 K /7/, the B-phase 
remains metal l ic  and becomes SC below 
1.2 K. Upon appl icat ion of mild pressu- 
res, T c f irst decreases somewhat /8/, 
then abruptly increases to around 8 K at 
a cr i t ical  pressure of about 1 kbar and 
subsequent ly  decreases again with in- 
creasing pressure /5/. It is also re- 
ported that part  of this "high-Tc" SC 
phase can be retained at zero pressure 
after suitable pressure - and tempera- 
ture cycles /9/, or else obtained from 
the iodine-r icher  E-phase by vacuum- 
anneal ing of e-phase crystals /6/. 
Most  of these observat ions were 
made by means of res ist iv i ty measure- 
ments and thus yield l ittle indicat ion 
about the volume fract ion of the SC- 
phase. This informat ion can only be ob- 
tained from speci f ic  heat measurements,  
or, albeit  less accurately,  from obser- 
ving the Meissner  ef fect  (i.e. the 
degree of magnet ic  f lux expuls ion in 
the SC state). Meissner  effects, on 
which we report  in this note, are gene- 
ral ly reduced by the omnipresent  flux 
pinning effects, especia l ly  in non-homo- 
geneous samples. They usually yield, never- 
theless, a lower bound on the SC volume 
fract ion of the mater ia l  in question, 
with the except ion of some rather special 
microscopica l ly  inhomogeneous distr ibu- 
tion of SC regions (see below). They are 
thus useful  in deciding whether  a resis- 
tively observed transit ion is caused by 
only a minute SC volume fract ion or not. 
Our Meissner effect apparatus con- 
sists of a simple d.c. SQUID magnetome- 
ter in a cryostat of the top- loading 
type, in which the samples can be moved 
between two oppositely wound search co iL .  
The measur ing field is generated by a SC 
solenoid with a heatable NbTi shield in- 
side it for f ield stabi l izat ion. The 
search coils are wound on the outside of 
an insert dewar and always remain at 
4.2 K, whi le the temperature of the samp- 
les inside can be var ied by a regulated 
heated gas flow from 1.2 K up to 30 K. 
Measurements are taken in constant fields 
as a funct ion of temperature. Besides the 
Meissner  effect, the d iamagnet ic  SC shiel- 
ding signal result ing from switching on 
a f ield can also be observed in the fol- 
lowing manner: The sample is pul led out 
of the field region, warmed up, then 
cooled down again in the He-gas stream 
and pushed back into the field region. 
Both Meissner and shielding signals are 
compared to those of a perfect  SC (tin) 
of s imi lar sample size and shape. Mea- 
surements under pressure were done in a 
small  ice-bomb. It consists of a Be-Cu 
cyl inder (0.5 cm dia., 1.5 cm long) with 
a 0.2 cm bore for sample space and thre~ 
ded on top for a 0.3 cm screw so that it 
can be sealed by means of Tef lon tape. 
When f i l led with water, the cell genera- 
tes a pressure around 2 kbar (at 4.2 K). 
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Lower  f reez ing  pressures  can be genera-  
ted by mix ing  the water  w i th  su i tab le  
amounts  of g lycer ine.  
The crysta ls  used were  grown in the 
convent iona l  way by e lec t rochemica l  de- 
pos i t ion .  It  is known that the s -phase  
of (BEDT-TTF)2I  3 grows eas ier  than the 
B-phase. Us ing  t r i ch lo roethane  as a sol-  
vent,  however ,  we were  a lso able to grow 
B-phase crysta ls  only  / iO/.  
Fig. 1 shows resu l ts  obta ined  on a 
c rys ta l  of S - (BEDT-TTF)2 I  3 under  pressure 
of 1.5 kbar  wh ich  are typ ica l  of crystals  
grown in the abovement ioned  way. P lo t ted  
are the observed  Me issner  and sh ie ld ing  
suscept ib i l i t i es ,  as percentage  of those 
observed  for a s imi la r  s ize t in sample,  
in d i f fe rent  app l ied  f ie lds,  versus  tem- 
perature .  
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Fig. I: Observed  d.c. d iamagnet ic  
sh ie ld ing  (curves i, 2, 3)- 
and Me issner  (curves i' 2' 3') 
suscept ib i l i t i es  in 
B - (BEDT-TTF)2 I  3 in d i f fe rent  
app l ied  f ields. 
S ince  the SC state of the crysta ls  
is very an isot rop ic ,  w i th  c r i t i ca l  super-  
cur rent  dens i t ies  in the c~-d i rec t ion  
much smal le r  than in the o ther  two pr in-  
c ipa l  d i rect ions ,  the f ie ld  o r ienta t ion  
was a lways chosen  approx imate ly  para l le l  
to the c~-d i rec t ion .  F rom past  exper ien -  
ce, f lux p inn ing  e f fects  are min imized  
for this o r ienta t ion ,  espec ia l l y  in smal l  
f ie lds.  It can be seen that  the SC tran- 
s i t ion  is fa i r ly  b road  and that both  the 
Me issner  and the sh ie ld ing  s ignals  are 
s t rong ly  f ie ld  dependent  even in smal l  
f ie lds.  This  is undoubted ly  due to the 
combined  e f fec t  of both  an inhomogeneous  
SC state wh ich  is a lso s t rong ly  type II 
in character .  It  shou ld  be ment ioned  that 
the resu l ts  obta ined  on B-phase crysta ls  
g rown in the prev ious ly  descr ibed  manner  
(i.e. us ing  te t rahydro furane  as a sol-  
vent  dur ing  e lect ro lys is )  are very  s imi-  
lar to those shown in Fig. i. P rev ious  
measurements  of the lower c r i t i ca l  f ie ld  
in the zero pressure  SC state of the 
same mater ia l  have ind icated  a va lue  of 
Hcl as low as 0.36 Oe /3/. In o ther  words, 
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the decrease  of the d iamagnet ic  sh ie ld ing 
suscept ib i l i ty  in f ie lds above ~ 10e  is 
in par t  due to the e f fec t  of f lux  pene-  
t ra t ion  in the type II s tate  and in par t  
due to the breakdown of Josephson  super -  
cur rents  connect ing  superconduct ing  and 
normal  regions.  The fact  that the sh ie l -  
d ing s igna ls  in Fig. 1 never  exceed  80 % 
of fu l l  d iamagnet ic  sh ie ld ing  may a lso  
resu l t  f rom a misa l ignment  between the 
f ie ld-  and the c~-d i rec t ion .  
The la rgest  Me issner  e f fec t  is ob- 
served in the lowest  app l ied  f ie ld  and 
amounts  to 24 %. This wou ld  normal ly  
ind icate  that the SC vo lume f rac t ion  must  
beat leas t  that large. In v iew of the near- 
ly twod imens iona l  nature  of the SC state  
in this crystal ,  however ,  we have to add 
one poss ib le  except ion  to this in te rpre -  
tation: If, say, only  ind iv idua l  a-b 
p lanes  (or ad jacent  groups of p lanes)  
were  SC and were  separated  (in the c ~- 
d i rect ion)  by larger  groups of normal -  
conduct ing  a-b p lanes,  then demagnet i za -  
t ion e f fects  cou ld  mimic  a f rac t iona l  
Me issner  e f fec t  wh ich  could  be cons ider -  
ably larger  than the actual  SC vo lume 
f rac t ion  of the crystal .  
We have a lso invest igated  the in- 
f luence of iod ine s to ich iometry  by ex- 
pos ing  the B-phase crystals to iod ine va- 
por  be fore  pressur i z ing  and coo l ing  them. 
We f ind that for an one hour -exposure ,  
~he SC t rans i t ion  sharpens  and s l ight ly  
sh i f ts  up in temperature ,  wh i le  the s ize 
of the t rans i t ion  remains  unchanged.  Th is  
is shown in Fig. 2. A f te r  remov ing  the 
pressure  f rom both the as grown as we l l  
as the iod ized  samples,  we have never  
observed  any le f tover  d iamagnet ic  t races 
of the 6 K-SC t rans i t ion .  
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Fig. 2: Observed  d.c. d iamagnet ic  
sh ie ld ing  (curves i, 2)- and 
Me issner  (curves i' 2') sus-  
cept ib i l i t i es  of an as grown 
(i, i') and iod ine t reated  
(2, 2') c rys ta l  of 
B - (BEDT-TTF)2 I  3 in a f ie ld  of 
15 Oe. 
Gu ided  by the prev ious  observat ion  
of t races of SC in iod ine -doped c rys ta l s  
of the s -phase  of (BEDT-TTF)2 I  3 / i i / ,  we 
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have also searched for d iamagnet ic  si- 
gnals in a-phase crystals so treated, 
both at zero pressure as wel l  as at 
1.5 kbar. Iodine exposure times at room 
temperature ranged from 1/2 to 1 1/2 
hours. During this treatment, the plate- 
let- l ike crystals typical ly started war- 
ping themselves after about the first 
15 min. However, no diamagnet ic  traces 
of SC transit ions were ever observed in 
the temperature range above 1.2 K. 
In summary, we have shown that the 
previously observed "high-To" supercon- 
duct iv i ty in B-(BEDT-TTF)213 under pres- 
sure is a genuine property of a large 
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fract ion of the crystal volume, at least 
when the above-ment ioned rather special 
microscopic  d istr ibut ion of SC and nor- 
mal regions is exempted. The homogeneity 
of the SC state can be improved somewhat 
by increasing the iodine content of the 
crystals. The quest ion as to the cause 
of the sudden increase in T c at the cri- 
tical pressure in the B-phase, however, 
sti l l  remains to be answered. 
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